Background: Nowadays, the use of herbal medicines in the prevention and treatment of diseases has been increased in the world, especially in Iran. Developing chemical drugs resistance in some Candida species and their side effects, conducting research to find new resources, especially medicinal plants, are of prime importance.
Background
The Rumex species, belonging to Polygonaceae family, includes approximately 200 species, which are distributed all over the world. Rumex obtusifolius is a perennial plant widely distributed in North America, Europe, and Iran. It is native to these regions and is commonly known as "Torshak" in Iran and its local name is "toopa" in Mahdishahr (Sangsar), Semnan, Iran. The leaves of this plant are used in foods and soups and they are also used as a raw vegetable. The seeds are used as flour (1) . Leaves, the root, and seeds, which have medicinal properties, are used as an herbal medicine.
Objectives
The present study aimed at evaluating the antioxidant and anti-Candida activities of R. obtusifolius seeds of hydroalcohlic extract and analyzing the components of this hydroalcoholic extract by GC-Mass instrument.
Methods

Materials
Candida albicans (ATCC10231), Candida strains, Dimethyl Sulphoxide( DMSO, Merk, Germany), Sabouraud dextrose broth (SDB, Merk, Germany), Sabouraud dextrose agar (SDA, Merk, Germany), L-ascorbic acid, 2, 2-Diphenyl-1-picryl hydrazyl (DPPH), Gallic acid, Quercetin, Butylated Hydroxy Toluene (BHT), Folin-Ciocalteu reagent, and trichloracetic acid (TCA) were prepared from Sigma-Aldrich. Also, reagents and chemicals had analytical grades. Spectrophotometric measurements were performed using a Spectronic. Spectronic Spekol, 2000 spectrophotometer (Analytik jena, Germany).
Plant Collection
Rumex obtusifolius was collected from Jashloobar garden located in the Northwest of Semnan, Iran. Experienced botanists of the University of applied science and technology (UAST) education center in Semnan branch recognized the seed of the plant. A testifier sample of R. obtusifolius was kept in the medicinal plants research herbarium center at UAST.
Seeds of the plants were dried in the shade for a week after washed with running tap water, then, crushed into small pieces, and finally powdered using an electric blender. Plant seeds powder was then stored in plastic bags for further use.
Preparation of the Plant Extracts
Plant extracts were obtained by the following procedures: Ethanolic extract was obtained by incubating 50 g of powdered seeds with 500 mL of Ethyl acetate: methanol: distilled water (6:3:1) overnight at room temperature (RT) before adjusting to 40°C for 8 hours in a Soxhlet system. The extracts were centrifuged (3000 rpm) for 15 minutes and the supernatants harvested and filtered using Whatman paper No. 1. Then, the solvents were evaporated by incubation RT, and the powder of the extract was then stored in glass bottle for experiment. The extraction yields were calculated as the percentage of the used powder.
Candida Strain and Inoculum Preparation
Preparation Serial Dilution of Hydroalcoholic Extract
Two grams of hydroalcoholic extract of R. obtusifolius was solved in 5 mL Dimethyl Sulphoxide (DMSO). The final concentration was 400 µg/µL (4) and dilution series were prepared using sterile distilled water from 400, 200, 150, 100, 50, 25, and 12/5 µg/µL.
In the current study, C. albicans (ATCC10231) was used as the reference strain. A total of 40 Candida spp isolates (34 C. albicans and 6 C. glabrata from women with vulvovaginal candidiasis) (5) were inoculated in Sabourated dextrose broth and were incubated for 24 hours at 35°C. The suspension was equal a yeast concentration of 1 × 10 6 CFU/mL (0.5 Mac-Farland standard). The commercial antifungal drugs "fluconazole disc" (10 µg/disc Hi-Media, Mumbai, India) and DMSO were applied as positive control and solvent control, respectively.
Broth Microdilution Method for Determination of MIC
Anti-fungal effect well diffusion method was used, and 100 µL of yeast inoculums (10 6 cells/mL) was cultured onto Sabouraud dextrose agar. The, wells were holed by pipette pasture into the SDA medium and filled with 100 µL of serial dilutions of plant extracts, and sterile DMSO was used as negative control. Cultures were incubated at 35°C for 24 hours. The zone of inhibition was measured to determine anti-Candida activity. Tests were repeated 2 times (4).
Determination of Total Phenolic Content
Phenolic compounds of the R. obtusifolius hydroalcoholic extract were estimated using the Folin-Ciocalteu method described previously (6, 7) . Briefly, the reaction mixture included 800 µL of freshly prepared diluted Folin Ciocalteu reagent, 200 µL of diluted R. obtusifolius seeds extracts, 2 mL of 7.5% sodium carbonate, and the final mixture reached 10 mL with deionized water. Optical density (OD) of blue color, which resulted from reaction, was measured at 765 nm by Spectronic Spekol, 2000 spectrophotometer (Analytik jena, Germany) after incubation for 2 hours in darkness at the ambient conditions to complete the reaction at RT. The standard curve of Gallic acid was done for quantification (8).
Determination of the Total Flavonoid Contents
In the present study, 1 mL of the extract in methanol and different dilution of standard solution of Quercetin brought to 5 mL by distilled water. Then, 0.3 mL of 5% sodium nitrite and 0.3 mL of 10% aluminum chloride were added along with 5 and 6 minutes incubation time, respectively. Finally, 2 mL of 1 M sodium hydroxide was added, 2
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and the total volume was made up to 10 mL with distillated water. The OD of the mixture pink in color was measured at 510 nm against a freshly prepared reagent blank. Total flavonoid content of the extracts was expressed as mg quercetin equivalents (QE) per gram of the sample (mg/g) (9) (10) (11) . Concentration values of the extracts were taken from the Quercetin standard curve by interpolating to the Xaxis. Total flavonoid contents were calculated using the following formula: 
DPPH Radical Scavenging Activity
Samples were dissolved in 95% methanol at a concentration of 1 mg/mL and prepared a series of concentrations "2, 1, 0.5, 0.25, 0.125, 0.0625 µg/mL" for antioxidant assays.
DPPH radical scavenging activity was estimated according to Burits et al. (12) , Cuendet et al. (13) , and others (14) (15) (16) . In this assay, a 50 µL of various dilutions of the R. obtusifolius hydroalcoholic extracts solution (Stock 1 mg/mL concentration) was added with 5 mL of 0.004% methanolic DPPH and incubated for 30 minutes at RT after it was shaken strongly. The scavenging effect on the DPPH radical was read at 517 nm by spectrophotometer. Ascorbic acid and Butylated Hydroxy Toluene (BHT) were used as positive control and DPPH solution without sample solution was used as a control. IC50 values are the concentration of the sample required to scavenge 50% of DPPH free radical, which was calculated from the plotted graph of radical scavenging activity across the concentration of extracts.
The radical scavenging activity was expressed as the radical scavenging percentage using the following equation:
% percentage DPPH radical scavenging: I% = (1 -A s /A c )
× 100
Where A c = absorbance of control and A s = absorbance of sample solution
Gas Chromatography-Mass Spectrometry Analysis
The extract was analyzed using the Gas chromatography-Mass spectrometry (GC-MS, Agilent), equipped with a determined capillary column "DB-35 ms, 30 m × 250 µm ×0.15 µm". A constant flow rate of Helium gas (99.99%) as a carrier gas (1 mL/min) was used for GC-MS detection. Injector and mass transfer line temperature were set at 200°C and 240°C, respectively. The oven temperature was ordered from 60°C to 280°C at 10°C/min. 1µL of diluted samples was injected, with split ratio of 1: 10, with mass scan of 50 -600 amu.
Total running time of GC-MS is 50 minutes. The extract constituent percentage was expressed as percentage with peak area normalization. The identity of the ingredients in the extract was specified by comparing their retention times and mass spectra fragmentation patterns with those replete on the computer library and by the results of the published articles. Willey library sources were used to match the identified components from the plant material.
Statistical Analysis
Statistical analysis was conducted by analysis of variance (ANOVA) at confidence level of 95% using SPSS Version 16 software. Linear regression to correlate the antioxidant activity of the total phenolic and total flavonoid was performed using Excel 2003. P values less than 0.05 were considered significant for an anti-Candida activity.
Results
Rumex obtusifolius extraction of seeds was found to have the most anti-oxidant effect, whose total antioxidant activity and DPPH scavenging activity was determined using spectrophotometry.
Extraction Yield, Total Polyphenolics, and Flavonoid Contents
The phenolics and flavonoids contents as well as an antiradical activity vary depending on the extraction methods, genetic factors, and climatic/growing conditions. However, we preferred to use a different and more effective solvent system. As the results of one study (17) revealed that the ethyl acetate: methanol: distilled water (60:30:10) system is a well-known system to extract antioxidant compounds; the percent of yield of Rumex obtusifolius seeds hydroalcoholic extract was 5.3 gram.
Anti-Candida
The anti-Candida activity of hydroalcohlic extract of R. obtusifolius against C. albicans, C.glabrata is presented in Table 1 . Hydroalcohlic extract of R. obtusifolius has shown anti-Candida activities against C. albicans (n = 34) and C. glabrata (n = 6). The highest inhibition zone was observed against C. albicans, with a range of 18 ± 2.0 mm and a minimum inhibition zone of 15 ± 2.0 mm and 100 -150 µg/µL 
DPPH Radical Scavenging Activity
The antiradical activity of the hydroalcoholic extract, prepared from R. obtusifolius aerial organ and collected from Semnan in Iran, was examined. The extract showed high antioxidant activities in the 3 tested assays: DPPH method: This assay is known as a primary test since quenching odd electron of DPPH by the extract, which is associated with decreased absorption at 517 nm. R. obtusifolius seeds extract showed a high level antiradical activity in scavenging DPPH radical (comparable to BHT as a standard), with a maximum inhibition of about 18.10 at a concentration of 1000 µg/mL (Table 2 upper panel).
Bioactive Content
.Total Free Phenolics
Phenolic compounds are most common secondary metabolites found in plants including flavonoids, tannins, and phenolic acids. The total phenolic content (TPC) of the R. obtusifolius was determined spectrophotometrically according to the method of Folin-Ciocalteu, and the results were expressed as Gallic acid equivalent. The standard curve equation used was y (absorbance) = 0.038 × (µg Gallic acid) -0.0132, R 2 = 0.9859 ( Figure 1 ). The OD value was inserted in the above equation, and the total amount of phenolic compound was calculated. As displayed in Table 
5.Gas Chromatography-Mass Spectrometry Analysis
The GC-MS analysis of the extracts showed the presence of phytocomponents; in total, 9 constituents were identified in the R. obtusifolius seed extract (Table 3 ). In this research, 9 chemical constituents were identified from the seeds of the hydroalcohlic extract of R. obtusifolius. The major chemical constituents are 1, 2, 3-Benzenetriol (Pyrogallol) 62.821%, Octadecenoic acid (oleic acid) 11.976%, Hexadecanoic acid (Palmitic acid) 10.095%, and Linoleic acid 8.5%. Pyrogallol is found in many plants naturally. Pyrogallol was the predominant phenolic compound in the seed extract. 4 Jundishapur J Microbiol. In Press(In Press):e13733. 
Discussion
In the recent decades, the increase in using immunocompromised drugs and antibiotics for long periods has led to increase of infectious diseases and candidiasis. However, an increase in the use of chemical antifungal drugs and an increase in the prevalence of drug resistant C. albicans have been observed. Researchers have paid attention to the use of pharmaceutical compounds from natural plant sources, and traditional medicine has proven the benefits of herbal medicines. Antioxidants play an important role in preventing human diseases (6) . Natural resources compounds with antioxidants activity may function as free radical scavengers and reduce agents, protecting the body from degenerative diseases (18) . The antioxidant activity of seed extract was examined by its ability to scavenge the stable DPPH free radicals. The results showed that the seed extract of R. obtusifolius has the highest inhibition zone, which was observed against C. albicans with a range of 18 ± 2.0 mm, and a minimum inhibition zone of Jundishapur J Microbiol. In Press(In Press):e13733. 5 U n c o r r e c t e d
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On the other hand, the seed extract will be able to reduce free radicals significantly. It is related to the presence of high amounts of flavonoids, and phenolic acids in seeds of R. obtusifolius. These findings are in agreement with other studies (18, 19) .
Many studies have shown that the pyrogallol displays a broad spectrum of pharmacological and promotes health effects in animal models of disease. Pyrogallol has been reported to possess the ability to scavenge free radicals, antioxidant action, and inhibit the formation of carcinogenic metabolites (20) (21) (22) (23) (24) . Pyrogallol was also evaluated as a potential inhibitor for acethylcholinesterse enzyme (25) .
Baruah et al. (26) reported that the potency of pyrogallol to induce protective immunity makes it a probable natural protective agent that might avoid different infections and this compound is as potential antimicrobial agent. Kang et al. (27) reported that the antioxidant activities of pyrogallol were higher than those of the commercial antioxidant and ascorbic acid, moreover, they found that pyrogallol effectively inhibited DNA damage induced by H 2 O 2 (21, 28) . Our results revealed that the seed of R. obtusifolius has strong antioxidant and anticandidial activities, which may be due to the presence of high levels of phenolic compounds, particularly pyrogallol. These findings are in agreement with other studies (21, 22) . In addition, Sadeghi Nejad B et al. (4) reported the anti-candida activity of Heracleum persicum hydroalcoholic extract. Mahdavi Omran S et al. (29) reported the anti-candida activity essential oils of some medicinal plant such as thyme, pennyroyal, and Lemon in Iran. In conclusion, the natural antioxidative compound "pyrogallol" can be used in the natural food industry as well as a part of some medicinal plant drugs such as antioxidative and anticancer drugs because of their efficacy, availability, low cost, and low toxicity. The phenolic and flavonoids compounds with great potential of antioxidant and antifungal are available. However, further research needs to be done to introduce natural medicine to treat different diseases and introduce it as a therapeutic and natural agent, with antioxidant and fungicides compounds.
